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Abstract 
In this study we use dynamic computer simulation modelling to investigate the potential impact of future climate 
change scenarios on the risk of overheating and annual primary energy requirements for space heating and cooling of 
residential buildings in Växjö, Sweden. The buildings are designed to the energy efficiency level of conventional or 
passive house, and are assumed to be heated with district heating and cooled with mechanical cooling system. We 
compare different climate change scenarios to a baseline which represents the climate data of Växjö for 1996-2005. 
The climate change scenarios are based on projected temperature changes under the representative concentration 
pathways (RCP) 4.5 and 8.5 scenarios. The result shows that the risk of overheating increases under the climate 
change scenarios. Furthermore space heating demand is reduced and cooling demand is increased for the analyzed 
buildings, and the changes are proportionally more significant for the passive compared to the conventional building.  
 
© 2014 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of ICAE  
 
Keywords: Climate change, primary energy, cooling, heating, residential building, overheating 
1. Introduction 
 
The fifth assessment report of the Intergovernmental Panel on Climate Change (IPCC) emphasized the 
increasing atmospheric concentration of greenhouse gases (GHGs) and the warming of the global climate 
system [1]. The report explored a range of atmospheric GHGs concentration scenarios and their likely 
climate implications in the representative concentration pathways (RCP) scenarios. The scenarios estimate 
global mean surface air temperature increase of 0.3-4.8 oC over the period 2081-2100, compared to 1986–
2005 levels. Downscaled versions of the RCP 4.5 and 8.5 scenarios for Sweden are presented by the 
Swedish Meteorological and Hydrological Institute (SMHI) [2]. The RCP 4.5 scenario assumes that 
strategies for reducing GHG will results in stabilization of radiative forcing at 4.5 W/m² by 2100 while the 
RCP 8.5 assumes that radiative forcing may reach 8.5 W/m² by 2100. Data from the SMHI [2] suggest 
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warmer winters and summers for Sweden in the coming decades, with mean annual temperature rise of up 
to 5.5 °C by 2100, compared to 1961-1990 levels. This may influence patterns of energy use in buildings 
and could affect thermal and indoor environmental performance of buildings. Overheating risk in 
buildings is increasingly suggested as a major issue under increasing temperatures and changing climate. 
Generally, overheating describes indoor temperature conditions that present heat stress and discomfort to 
building users. Different definitions of overheating are found in literature and the CIBSE guide [3] which 
is increasingly cited suggests that a building is overheated if indoor temperature exceeds 28 °C in living 
areas or 26 °C in bedrooms for more than 1% of the occupied time within a year. Measures which may be 
used to control overheating in buildings and to ensure comfortable indoor temperatures include shading 
and solar protection, and effective cooling and ventilation strategies. 
Typically, building energy balance analyses are based on climate data for normal year or typical past 
years. However, the implications of future climate scenarios on the performance of buildings, from energy 
use perspective, are lacking in existing literature. In this study we investigate the potential impact of 
future climate change scenarios on the risk of overheating and primary energy requirement for space 
heating and cooling of multi-story residential buildings, to understand how buildings’ performance may 
vary in future and to design effective adaptation strategies.  
 
2. Method 
 
2.1 Building descriptions 
We analyzed adapted versions of an existing multi-story residential building (Figure 1) with 16 
apartments, located in Växjö, Sweden. The analyzed versions of the building have cross laminated timber 
structure with energy efficiency level of conventional or passive house but otherwise similar to the 
existing building. The living and common areas for each of the analyzed buildings are 935 m2 and 130 m2, 
respectively. The thermal characteristics of the analyzed buildings are presented in Table 1. 
 
Figure 1. Photograph (left) and ground floor plan (right) of the existing building 
 
 
Table 1. Thermal properties of the building components 
Building U-value (W/m2K) Air leakage 
l /s m2 at 50 Pa 
Mechanical 
Ground floor External walls Windows Doors Roof ventilation 
Conventional 0.124 0.154 1.200 1.200 0.087 0.400 Exhaust air 
Passive      0.124 0.104 0.800 0.800 0.080 0.200 Balanced, 80% heat recovery 
 
2.2 Climate data and scenarios 
We use hourly climate data representative of Växjö (latitude 56° 52ƍ N, longitude 14° 48ƍ E) for 1996-
2005 as baseline for the analysis. During this period, the average mean ambient temperature was 7 °C, and 
the maximum and minimum ambient temperatures were 28 °C and -17 °C, respectively. Detailed projected 
temperature changes for the county of Kronoberg including Växjö are given for the RCP 4.5 and 8.5 
scenarios by SMHI [2]. The projected changes are given for winter, spring, summer and autumn for each 
year from 1960 to 2100, relative to 1961-1990. We adjusted the projected changes to a reference period of 
1996-2005, to be consistent with our baseline. Table 2 shows the adjusted changes in mean temperatures. 
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Table 2. Temperature changes for the county of Kronoberg, including Växjö, under climate scenario with 1996–2005 as reference  
Climate change 
scenario 
Air temperature change projections by 2050           Air temperature change projections by 2100 
   Winter    Spring  Summer Autumn  Winter  Spring Summer Autumn 
RCP 4.5 2.67 1.77 0.86 1.12  1.91 1.54 1.22 1.23 
RCP 8.5        2.43 1.04 1.67 1.65   4.61 3.88 3.39 4.10 
 
Using the adjusted temperature change projections (Table 2) and a simplified approach, we adapted 
the baseline climate data to create new climate files that characterize temperature conditions under the 
RCP 4.5 and 8.5 scenarios for 2050 or 2100.  
 
2.3 Energy balance and primary energy calculations 
We use the climate files for the baseline and the climate change scenarios as input in the VIP+ 
computer modeling software [4] to analyze the annual final energy balance and indoor temperature profile 
of the buildings located in Växjö. We assume space heating thermostat set points of 22 °C and 18 °C for 
the living and common areas of the buildings, respectively. Presently, cooling load for residential 
buildings in Växjö is low and cooling is typically induced in summer by shading and effective ventilation 
strategies. To illustrate the impact of the considered scenarios on cooling requirements for buildings, we 
assume that mechanical cooling is used when indoor temperature exceeds 27 °C. We use data from 
Dodoo [5] to quantify the primary energy needed to provide the final energy services for the buildings, 
assuming that space heating is supplied from district heat produced from a combined heat and power 
(CHP) plant and that cooling is delivered by conventional air conditioner using electricity produced from 
a stand-alone power plant. Biomass-based fuels are assumed to be used in the CHP and the power plants. 
  
3. Results 
 
Annual indoor temperature profiles of the analyzed buildings for the baseline and selected climate 
change scenarios are shown in Figure 2a and b. The profiles are shown for RCP 4.5 scenario for 2050 and 
for RCP 8.5 scenario for 2100 as these reflect the extremes of the considered climate change scenarios. 
Overheating hours significantly increase under the climate change scenarios and is greater for RCP 8.5 
scenario for 2100.   
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Figure 2. Annual indoor air temperature for the analyzed buildings for the baseline and selected climate change scenarios 
 
The calculated annual primary energy for space heating and cooling the buildings for the baseline and 
climate change scenarios are shown in Figure 3a and b. Space heating demand is reduced while cooling 
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demand is increased under the climate change scenarios. In contrast to the baseline, primary energy for 
heating is reduced by 13-16% while that for cooling is increased by 33-42% for the conventional 
building. Similarly, space heating is reduced by 17-22% while cooling is increased by 39-49% for the 
passive building. 
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Figure 3. Annual primary energy for space heating and cooling the buildings for the studied scenarios. The main bars show the 
baseline or RCP 4.5 scenarios for the year 2050 or 2100. The error bars show the RCP 8.5 scenario for the corresponding year 
 
4. Discussion and conclusions  
 
In this study we have endeavored to illustrate the impact of future climate change scenarios on the risk 
of overheating and primary energy requirements for space heating and cooling of residential buildings in 
a cold climate. Our analysis is based on the RCP 4.5 and 8.5 scenarios for Sweden and the results shows 
significant decrease of space heating demand and increase of cooling demand for the studied buildings. 
The changes of space heating and cooling demands are proportionally more significant for the passive 
building than for the conventional building. The risk of overheating increases under the future climate 
change scenarios. Uncertainties linked to future climate change projection and the climate data used may 
affect our simulations. Besides temperature, other climate factors may be affected under changing climate 
and these have not been accounted here. Nevertheless building energy simulation with projected future 
temperature data may be useful to design effective adaptation strategies. Our findings add to the emerging 
body of knowledge on the impacts of climate change on energy performance of buildings in cold climate. 
 
References 
 
[1] IPCC, 2013. Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of  
       Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
[2] SMHI, 2013.Klimatscenarier (Climate Scenarios). Accessed at http://www.smhi.se on December 10, 2013 
[3] CIBSE, 2006. Guide A: Environmental design, Chartered Institute of Building Services Engineers, London.  
[4] StruSoft, 2010. VIP+ software, Sweden. 
[5] Dodoo, A., 2011. Life cycle primary energy use and carbon emission of residential buildings. Doctoral Thesis. Department 
of Engineering and Sustainable Development. Mid Sweden University, Östersund, Sweden.  
 
  
Biography  
Ambrose Dodoo, Ph.D., is senior lecturer and researcher in the Sustainable Built Environment Research 
(SBER) Group at Linnaeus University, Sweden. 
Leif Gustavsson, Ph.D., is Professor and leader of theSBER Group at Linnaeus University, Sweden. 
Farshid Bonakdar, MSc, is PhD candidate in the SBER Group at Linnaeus University, Sweden.
 
